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(57) The invention features high performing com- 
posite superconducting oxide articles that can be pro- 
duced from OPIT precursors substantially without poi- 
soning the superconductor. In genera), the supercon- 
ducting oxide is substantially surrounded by a matrix 
material. The matrix material contains a first constrain- 
ing material including a noble metal and a second metal. 



The second metal is a relatively reducing metal which 
lowers the overall oxygen activity of the matrix material 
and the article at a precu'sor process point prior to oxi- 
dation of the second metal. The second metal is sub- 
stantially converted to a metal oxide dispersed in the 
matrix during or prior to a first phase conversion heat 
treatment but after formation o( the composite, creating 
an OOS matrix. 
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Description 

SUPERCONDUCTOR COMPOSITES 

The invention relates to composite superconducting oxide articles. 
Background of the Invention 

Since their discovery, oxide superconductors based on copper oxides have been widely studied A Key property 
is that the materials exhibit superconductivity at h.gh temperatures relative to their traditional metallic counterparts m 
many applications, it is important for the superconducting oxides to be composed of substantially one phase and have 
critical current densities (J c ) that are high. 

One family of oxide superconductors includes bismuth-elrontium-calcium-copper-oxide compositions such as 
B, 2 Sf 2 CaCu 2°a-* (BSCCO-2212; where x is a value that provides a T c of about SOK) and B\ 2 Sr*Ca 2 Cu 3 a, D (SSCCO- 
is 2223: where y is a value that provides a T c Of at least 100K), Of particular interest are compositions where bismuth is 
partially substituted by dopants such as fead (that is, (Bi.Pb)SCCO). 

The oxide materials, being ceramics, are generally brittle and are difficult to process and manipulate. Composites 
Of oxide superconducting materials contained in metal matrices, or metal sheaths, nave mechanical and' electrical 
properties that are improved relative to the oxide superconductors alone. The composite can be prepared in elongated 
to forms such as wires and tapes by processes, such as the well-known powder-in-tuoe (PIT) process, that typically 
include a number of stages. 

In the PIT process, first, a powder of a precursor to a superconductor is prepared The precursor can be a single 
material or a mixture of materials. Second, a metal container (for example, a tube, billet or grooved sheet) is filled with 
the precursor powder. The metal container serves as a matrix, constraining the superconductor. Third, the filled con- 
tainer iB deformed in one or more iterations (with optional intermediate annealing step*) to reduce the cross sectional 
area of the container in a draft reduction step, A nu mber of filled containers (filaments) can be combined and surftunded 
by another metal matrix to form a multifilament article, Finally, the materia! is subjected to one or mora deformation 
and phase conversion haat treatment cycles which together form the desired oxide superconductor from the precursor 
and helps the oxide superconductor grains align and grow to form the textured superconductor article. 
30 if the precursor powder is composed of one or more oxides, the process is known more specifically as cxide- 

powder-in-tube (OPIT) processing. See, for example, Rosner, et ai t 'Status of superconducting superconductors: 
Progress In improving transport critical current densities in superconducting Si-2223 tapes and coils' (presented at the 
conference Critical Currents in High Tc Superconductors', Vienna, Austria. April, 1992), and Sandhage, ar ai, *The 
oxide-powder-in-tube method for producing high current density BSCCO superconductors", Journal of Me rats, Vol. 43. 
3s No. 3, 1991 , pp. 21 -as, all of which are incorporated herein by reference. 

A method of preparing BSCCO superconducting materials, particularly lead-dopeo BSCCO, is described in U.S. 
Ser. No. 08/467,033 filed June 6, 1 995 and entitled "Processing of (Bi,Pb)SCCO Superconductor in Wires and Tapes, 
" and U.S. Ser No. OB/331 ,184 filed October 28, 1994 and entitled "Production and Processing of (Si.Pb)SCCO Su- 
perconductors," both of which are incorporated herein by reference, in particular, the composition of the precursor 
*o powder is controlled to improve processing of the precursor powder One feature of the BSCCO-2223 processing path 
described in this patent application is that tetragonal BSCCO-2212 (T-2212) Is thermally converted to orthorhombic 
BSCCO.221 2 (0-2212) prior to formation of 8SCCO-2223. The phases can be distinguished by their x-ray diffraction 
patterns and lattice parameters, 

Texturing helps to increase J c of the article. Texturing can be accomplished by deformation (deformation-induced 
-*$ texturing: DIT) or by phase conversion heat treatments which cause, for example, sintering or partial melting and 
regrowth of desired superconducting phases (reaction-induced texturing; RIT). Certain superconducting oxides, par- 
ticularly BSCCO-2223 require precursor deformation for adequate performance. Density and texture of the product ; s 
increased in the article by sequential repetition of the deformation (D) and phase conversion heat treatment, or sintering 
(S), steps "fT times (nDS). Typical processes are 1 DS to SOS. Multiple low reduction deformation steps are described. 
so for example, in Hikata. era/,. U.S, Pat. No. 5,246,917, incorporated herein by reference. A single high reduction de. 
formation step which can be used in 1DS processes is described in U.S, Ser No. 08/463,089 filed June 6. 1995 and 
entitled "Simplified Deformation -Sintering Process for Oxide Superconducting Articles", incorporated herein by refer- 
ence 

In all stages of processing, it is Important to avoid the formation of undesirable secondary phases. The presence 
$s of secondary phases can disrupt DIT of the primary phase of the precursor powder, can I sad to gas evolution and can 
induce melting during heat treatments. 

The metal container, sheath, or matrix which holds the precursor powder prior to and during procassing is typically 
composed of a noble metal such as silver, gold, platinum, and palladium, or an alloy substantially comprised of a noble 
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metal. A noble metal is a metal which is substantially unreactive with the oxide superconductor or the precursor powder 
under processing and use conditions. Oxide dispersion strengthened (OOS) silver alloys have been used as matrix 
materials. The silver alloy is exposed to an oxidizing atmosphere to generate the mete I oxide dispersion in the matrix, 
thereby increasing the strength and hardness of the matrix. In general, when oxidation occurs through reaction with 
■ 5 atmospheric oxygen, The outer portion of the article becomes harder than the center, decreasing the flexibility of the 
article. See, for example, Lay, U.S. Pat, No. 5,384,307. incorporated herein by reference. Lay co-oxidizes the matrix 
and the precursor duringthe step that forms the desired (tinal) oxide superconductor by heating the article in an oxidizing 
atmosphere of about 9 to 14 volume percent oxygBn. One problem of this process i$ that tne superconductor can cq 
"poisoned" as the matrix and precursor compete for oxygen. In practice, small amounts of poisoning can drastically 

to reduce J c . Thus, many OOS silver-superconductor composites have lowered current carrying capabilities, U.S. Ser. 
No. 08/626,130 filed April 5, 1996 and entitled "Oxygen Dispersion Hardened Silver S-.eathed Superconductor Com- 
posites", incorporated herein by reference, describes one solution, but it requires metallic alioy precursors and cannot 
be practiced with oxide precursors. Since OPlT-based composites generally have good J 5 performance, it is desirable 
to Find a readily manufacturable, non-poisoning OPIT processing route to high performing OOS superconducting com - 

rs positee. 

Summary of the Invention 

We have discovered high performing composite superconducting oxide articles That can be produced from OPIT 
20 precursors substantially without poisoning the superconductor. In general, the superconducting oxide is substantially 
surrounded by a matrix material, The matrix material contains a first constraining material including a noble metal and 
a second metal. The second metal is a relatively reducing metal which lowers the overall oxygen activity of the matrix 
material and the article at a precursor process point prior to oxidation of the second metal. Typically, the precursor 
article includes a precursor oxide mixture substantially surrounded by a first constraining material, In a preferred em- 
25 bodiment, a second constraining material substantially comprised of a noble metal or its alloy is included between the 
precursor oxide material and the first constraining material. W 

The processing sequence includes two or more phase conversion heai treatments by which the precursor oxide 
mixture is converted to the desired superconducting oxide, either dlrectty or through one or more Intermediate-phase 
conversions. Between heat treatments, the article is deformed to texture the oxide mixture. The second metal is sub- 
so stantialfy converted to a metal oxide dispersed in the matrix during or prior to the first phase conversion heat treatment 
but after formation of the composite, creating an ODS matrix. Thereafter, the precursor oxide mixture is substantially 
converted to the desired superconducting oxide in one or more subsequent phase conversion heat treatments wrth 
intermediate deformation. In one embodiment, the precursor oxide mixture is partially rodoced during the first of these 
heat treatments, in which the second metal can be oxidized. 
3* The first heating step includes an oxidizing heal treatment step in which the second metal is substantially oxidized 

prior to or concurrent with a first phase conversion heat Treatment step. The oxidizing heat treatment can be a separate 
step. In some embodiments, the oxidizing heat treatment is a stepped or ramped portion of the first phase conversion 
heat treatment, in still others, the oxidizing and first phase conversion steps occur concurrently. 

In another aspect, the invention features a method of manufacturing a composite superconducting oxide article 
40 by providing a precursor article including a precursor oxide mixture containing a dominant amount of a first precursor 
oxide phase which is substantially surrounded by a first constraining material including a noble metal and a second 
metal, heating the precursor article in a first phase conversion heat treatment at a processing temperature and oxygen 
partial pressure cooperatively selected to convert up to about 85 percent, preferably up to about 50 percent, most 
preferably between about 20 and 40 percent, of the first precursor oxide phase to the cesired superconducting oxide 
^ and substantially completely converts the second metal to a metal oxide, deforming th« precursor article to generate 
texture, and, thereafter, heating the precursor article in one or more subsequent phase conversion heat Treatments to 
convert substantially all of the remainder of the precursor to the desired superconducting oxide. 

In another aspect, the invention features a method of manufacturing a composite superconducting oxtde article 
by heating a precursdr article in a first phase conversion heat treatment at a processing temperature and oxygen partia< 
50 pressure cooperatively selected to form a dominant amount of an orthorhombic BSCCO phase, deforming the precursor 
article to generate texture, and heating the textured precursor article in at least one subaoquent phase convars.on heai 
treatment to obtain the desired superconducting oxide. The article can benefit from redox processes between the matrix 
and a precursor oxide mixture in the first phase conversion heat treatment. I he precursor oxide mixture contains a 
dominant amount ol a tetragonal BSCCO phase and the first constraining material includes a noble metal and a reducing 
sb metal The orthorhombic BSCCO phase can be formed in part by reducing the precursor cxide mixture with The reducing 
metal In the process, the reducing metal can be oxidized by the precursor oxide mixluro to form metal oxide particles 
dispersed in the first constraining material. In preferred embodiments, the method includes the step ol roll working the 
precursor article tn a high reduction draft of between about 40 to 95 percent prior to the sintering step. 
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In another aspect, the invention features a method of manufacturing a composite superconducting oxido art.cie 
by providing a precursor article including a precursor oxide mixture substantially surrounded by a matrix tncludinq a 
first constraining material including a noble metal and a second metal, heating the precursor article to form less than 
about 0.5 volume percent of metal oxide particles of the second metal dispersed in the first constraining material and 
sintering the heated article lo obtain the superconducting oxide article, 

In another aspect, the invention features a method of manufacturing a composite superconducting oxide anic'e 
by providing a precursor article including a precursor oxide mixture substantially surrounded by a matrix (ncludfnc a 
first constraining material which includes a noble metal and a second metal, heating the precursor article to form i ess 
than about 0.3 volume percent of metai oxide particles of the second metal dispersed in the matrix and sintering the 
heated article to obtain the superconducting oxide article. 

In prof erred embodiments, the article has a tensile strength greater than about <>0 MPa 

In another aspect, the invontion features a composite superconducting article whic h contains a plurality of filamgnts 
extending along the length of the article, where the filaments are composed, in part, o- an oxide superconductor. A first 
constraining material substantially surrounds the plurality of filaments and a sscond constraining material substantially 
surrounds each of the filaments and is substantially surrounded by the first constraining material. The filaments can 
have substantially the same critical currant density regardless of the location of each filament in the article. In preferred 
embodiments, the first constraining material includes a noble metal and a metal oxide and the second constram.ng 
materia) contains a noble metal, In other preferred embodiments, an outermost constraining material substantially 
surrounds the first constraining material, and contains a noble metal. In this embodiment, the outermost constraining 
material can include a noble metal, a noble metal and a reducing metai, or a noble metal and a metal oxide. In preferred 
embodiments, the outermost constraining material is silver. 

In another aspect, the invention features a composite superconducting article including an oxide superconductor 
substantially surrounded by a first constraining material where the first constraining material Includes a noble metal 
and less than about 0.5 volume percent of a metal oxide. In another aspect, the volume percent of the metal oxide is 
measured across the total cross-sectional area of the matrix by omitting the areas corresponding ro the superconducting 
oxide f rom the cross section. In yet another preferred embodiment, the metal oxide particles dispersed in the entrain- 
ing materials occupy less than 0.3 percent of the volume of the matrix. More preferably, the metal oxide particles occupy 
between 0.001 and 0.3 percent of the volume of the matrix, and most preferably at least 0.005, The matrix can have 
relatively metal oxide rich and metal oxide poor regions and these percentages are calculated as the average over all 
regions of the matrix. 

fn other aspects, tr\? invention features a composite superconducting article including one or more filaments ex- 
tending along the length of the article. The filaments include an oxide superconductor. A first constraining material 
substantially surrounds the plurality of filaments, A second constraining material substantially surrounds each of the 
filaments and is substantially surrounded by the first constraining material, The first constraining material includes a 
noble metal and less than about 0,5 volume percent of a metal oxide and the second constraining material includes a 
noble metal. 

In preferred embodiments, the noble metal includes silver, gold, platinum, or palladium or their alloys and the 
reducing metal/ metal of the metal oxide, or second metal is aluminum, magnesium, lithium, sodium, potassium, cal- 
cium, beryllium, strontium, barium, yttrium, scandium, lanthanum, cerium, praseodymi jm, neodymium, promethium. 
samarium, europium, gadolinium, terbium, dysprosium, holmium. erbium, thulium, ytterbium, lutatium, titanium, zirco- 
nium, hafnium, vanadium, niobium, tantalum, silicon, germanium, tin, lead, gallium, indium, thallium, manganese, an- 
timony, or zinc, fviore preferably, the reducing metal, metat of the meta I oxide, or second rr etal is aluminum, magnesium . 
yttrium, zirconium, titanium, hafnium, lithium, manganese, antimony, or zinc. In preferred embodiments, the reducing 
metal forms a solid solution with the noble metal. 

^ The article can contain from 1 to 10,000 filaments, in preferred embodiments, the composite superconducting 
articles can have a plurality of oxide superconductor filaments. Most preferably, the multifilament article can contain 
from 5 to t ,000 filaments, 

The invention can be practiced with any micaceous or semi-micaceous superconducting oxide. G rains of these 
materials tend to align during deformation and so are particularly well suited to texturing by "DS" processes. Members 
of the bismuth family of superconducting copper oxides are particularly preferred. 

In certain embodiments, the tetragonal BSCCO phase is tetragonal BSCCO-221 2, the orthorhombic BSCCO phase 
is orthorhombic BSCCO-221 2 and the desired superconducting oxide is BSCCO-2223. Preferably, the tetragonal BSC 
uu phase is tetragonal (Bi,Pb)SCCO-221 2, the onhorhombic BSCCO phase is orthorhombtc (Bi.Pb)SCCO-2212 and 
the desired superconducting oxide Is (Bi.Pb)5CCO*2223. The desired superconducting oxide can be orthorhombic 
BSCCO-221 2 or orthorhombic (8i,Pb)SCCO-2212. 

The invention may provide one or more of the following advantages, The use of mu tiplo phase conversions pro- 
vides a better toxtured product, intermediate deformalions also improve texture, and the relatively low loading of oxide 
during daformalion improves formability as Well as reduces edge cracking. The presence of the second metal in the 
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matrix can lower the oxygen activity within and throughout ths material allowing better control of the oxidation reactions 
Previous methods relied on the diffusion of oxygen from the precursor oxide mixture -o the atmosc-here. The seccr.d 
metal can provide a "sink" for the oxygen, eliminating the need for the oxygen to diffuse completely out of the article 
during processing. Relatively low loadings of reducing materials can help balance these reactions for controlled phase 
s conversion. ODS-strengihened composites exhibit better mechanical properties. OD$; formation prior to deformation 
also helps promote densrfication of the filaments, which mechanically accslerates reaction process because the in- 
creased filament density can shorten heat treatment times. The articles produced can also have increased critical 
current densities (J G or Je). 

It is possible to use a complete reducing matrix material where the precursor oxide powder is in direct contact witn 
*o unoxidlzed matrix alloys. 

"Article," as used herein, means a wire, tape, current lead, or cable, and devices tabricated from these. The wire 
and tape can have more than one type of filament. The article can contain a single oxide superconductor filament 
(monofilament) or a plurality of oxide superconductor filaments (multifilament). 

"Matrix" means the materia! surrounding the oxide superconductor filament or fi laments in the article. The amount 
is of matrix material can be measured by omitting the areas corresponding to the superconducting oxide filaments from 
the total cross section of the article. 

"Predominantly" or "dominant amount," as used herein, mean at least 50 percent, preferably at least 90 percent 
and most preferably at least 95 percent of the desired phase is present by volume. 

"Phase modification," or 'phase conversion," means to aiter the crystalline phase of the precursor oxide mixture 
so from one form to another. For example, tetragonal BSCCO-221 2 is phase modified to orthorhombio BSCCO-221 2, or 
BSCCO-2212 is phase modified lo BSCCO-2223. 

"Phase conversion heat treatment," as used herein, means a heat treatment by whicn some portion of the precursor 
oxides are phase converted into the desired oxide superconductor or a desirable intermediate phase; 

"Undesirable secondary phase/ as used herein, means a phase (or phases) in the precursor powder or super- 
s' conducting oxide that hinders conversion of the precursor powder into the superconducting oxide, or hinders text urmg 
of the superconducting oxide. £ 
"T to O conversion" means the induction of a phase change from a tetragonal to an onhorhombic phase. * 
"J^" the critical current density, means the currant of the superconducting article normalized by the cross^eetional 
area of the oxide superconductor in the article. "Je," the engineering current density, means the current of the super- 
30 conducting article normalized by the total cross -sectional area of the an tela. 

Other features and advantages of the invention will be apparent from the description of tho preferred embodiment 
thereof, and from the claims, 

Brief Description of the Drawing 

35 

FIG 1 is a drawing depicting a cross-sectional view of a composite precursor of ei reducing matrix surrounding 
precursor oxide filaments. 

FIG, 2 is a drawing depicting a cross-sectional view of a composite precursor including an outermost constraining 
material and a first constraining material surrounding a second constraining material containing precursor oxide flta- 
4Q ments. 

FIG. 3 Is a drawing depicting a cross-sectionai view of a composite precursor includhg a first constraining material 
surrounding a second constraining material containing precursor oxide filaments and a core of a reducing material. 

FIG. 4 is a drawing depicting a cross-sectional view of a composite precursor including a first constraining matera! 
surrounding a second constraining material containing precursor oxide filaments and reducing filaments. 
*s fig. 5 (prior art) is a schematic drawing depicting the mechanism of oxygen removal from a silver matrix article. 

FIG. 6 is a schematic drawing depicting the mechanism of oxygen removal from a reducing matrix article of the 
structure described in FIG. 1. 

FIG. 7 Is a schematic drawing depicting (he mechanism of oxygen removal Irom an aricle of the structure described 
in FIG. 3. 

Bo 

Description of the Preferred Embodiments 

Th© superconducting articles of interest are composite materials where a superconducting oxide is contained by 
a metal matrix material. The matrix material includes a first constraining material and, optionally, other constraining 
ss materials. By including a second metal (hat can be oxidized in the metal matrix composition to form a dispersion, 
improved article performance can be obtained and the method of forming the final superconducting articles can be 
modified. The dispersion need not be uniform, but discrete, small metal oxide particles are formed during the oxidation 
that preferably have diameters less than about 1 00 nm. The oxidation of the second melal takes place after formation 
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of The composite but before substantial phase conversion of the dominant amount of the precursor oxide to the desired 
superconducting oxide. Relatively low levels of the second metal are used, typically (ess than about 0.3 percent meas- 
ured ovsr the entire matrix volume so that significant levels of deformation can be performed on the composite after 
oxidation of the second metal. 

In standard BSCCO-2223 processing at higher levels with fate oxidation, the ill effaces of redox due to ODS have 
been demonstrated. The conditions of heat treatment ware such that the BSCCO-2^12, and perhaps other oxides, 
near the matrix alloy were reduced causing the phase assemblage to change. This -©suited in the disruption of the 
formation of the dense BSCCO-2223 layer at the interface and the creation of second phases that spike and extend 
outside the desired oxide filaments, However, use of reducing matrices in accordance with the invention results in the 
formation of higher J c articles since reduction of the precursor oxide can be a fundamental part of the initial phase 
conversion process or at a minimum, part of a nan -competing sequence. The early oxidation step provides a situation 
Where the oxidation of the silver aJloy and consequent reduction of the precursor oxide cores is no longer disruptive 
to the formation of the dense BSCCO-2223 layer at the silver interface. Th e method of forming superconducting articles 
involves composite materials including a precursor oxide mixture and a metal matrix that is, at least in part, reducing 
The reducing portion of the metal matrix can be a noble metal alloy with a second meiai. The typical process begins 
with a metal constraining material that is pacKed with a precursor oxide powder mixture For example, the process can 
be an OPtT process where the metal constraining material can be a metal billet. In this case, the precursor oxide 
mixture is a mixture of raw materials in a ratio of metallic constituents corresponding to a final superconducting BSCCO, 
(Bi,Pb)SCco, of BSCCO-2223 material. 

The packed billet is deformed into filament form. Filaments can then be arranged, cr grouped, in a metal container 
to form a multifilament article precursor. The metal billet and the rnetal container are composed of a noble metai, such 
as silver, for example, and can include a second metal that is reducing in the form of a noble metal alloy. During or 
prior to a first phase conversion heat treatment step, but after formation of the compos te, the reducing component of 
the matrix is oxidized by heat treatment to create a strengthening dispersion of metal oxide particles In the matrix. The 
oxidizing heat treatment can be a separate step, In some embodiments, the oxidizing heat treatment is a stepped or 
ramped portion of the first phase conversion heat treatment. In still others, the oxidizing and first phase confersion 
steps occur concurrently. The separate oxidation step preferably takes place at about 250-65CTC in about 0.1 no 100 
atm. O g for a time sufficient to substantially oxidize the second metal, typically about 1 to 1 0 hours. Ramped or stepped 
treatments preferably take place at comparable conditions, with ramps or steps through the 250-650* C range slow 
enough to obtain substantial oxidation typically 0,5-6°CAnin. The reducing matrix can affect the mechanism of forming 
the final superconducting article by changing the fate of at least some of the oxygen in the precursor mixture. At least 
a partial phase conversion of the precursor oxide occurs during the first phase conversion heat treatment step, There- 
after, the composite is subjected to at least one cycle of deformation followed by phase conversion heat treatment (a 
*DS" cycle) to texture and form the desired superconducting oxide. 

Use of ODS strengthened matrices in superconducting composites requires a balance of materials properties to 
simplify processing while maintaining or increasing performance. In superconducting article processing steps that em- 
ploy deformation texturing, it is important To balance the hardness of the ODS sheath with its malleability by adjusting 
the volume percentage of the second metal. White strength of the material Is important and a harder sheath can produce 
superior texturing during deformation, it is equaily important that the materials be sufficiently malleable for deformation 
processing, particularly in high reduction pass processes. The sheath cannot be too brittle to withstand the deformation 
or cracking may result. It is important to balance the mechanical properties of the materials to facilitate processing 
while maximizing the electrical properties. The COS sheathing promotes densification of the superconducting oxide 
within the composite during deformation and phase convarsion. Denser filaments have been associated with improved 
product performance. 

The nature of the second metal is important. The second metal is typically easy to oxidize relative to the noble 
metal. It is preferred that the second metai be soluble in the noble metal such that the nr etal matrix is a homogenous 
alloy. The noble metal can include silver, gold, piaiinum, or palladium, or an alloy of the se metals (with each other). 
The second metal, or metal of the dispersed metal oxide, is selected from the group including elemental aluminum, 
magnesium, lithium, sodium, potassium, calcium, beryllium, strontium, barium, yttrium, scandium. lanthanum, a lan- 
thanide series element (e.g.. cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium, ter- 
bium, dysprosium, holmium, erbium, thulium, ytterbium, or lutetium), titanium, zirconium, hafnium, vanadium, niobium, 
tantalum, silicon, germanium, tin, lead, gallium, Indium, thallium, and zinc. More preferably, the second metal is alu- 
minum, magnesium, yttrium, zirconium, titanium, hafnium lithium, manganese, antimony, or zinc, Most preferably, the 
second metal, or metal of the dispersed metal oxide, is aluminum, magnesium, zirconium, antimony, or manganese. 

Relatively low levels of metal oxide dispersed in the metal matrix, particularly loss than about 0.3 volume percent 
of metal oxide, preferably 0.001 to about 0.3 volume percent, lead to higher current densities (Je) in composites while 
maintaining sufficiently high tensile strengths. The metal oxide particles formed during the oxidation preferably have 
diameters less than 100 nm. Composites can be tailored to have relatively oxide rich and oxido poor regions to further 
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improve performance, The Js of composites hawing a silver second constraining matt<riaf around The oxide 
ductor surrounded by an ODS first constraining materia) containing less than 0.5 vol jme percent of rnetaf 
exceed 9,500 A/cm 3 . 

The relationships between the volume percent of the metal oxide, and the weight percent and atomic percent of 
the source alloy in silver for a number of metal oxides are summarized in Table 1 . 



Table 1 









0. 30 vol% metal oxide- | 


Element 


Oxide 


Density 


wt% second metal 


at% second metal j 


Li 


Li z O 


2.013 


0,027 


0.413 | 


Mg 


MgO 


3.58 


0.062 


0.2 77 | 


At 




3.97 


0.061 


0.211 \ 


Si 


sio 2 


2.S5 


0.036 


0.137 | 


Sc 


Sc 2 O a 


3.864 


0.073 


0.1 '4 J 


Ca 


CaO 


3.35 


0.069 


0.1B6 | 


Ti 


TiO a 


4.26 


0.074 


0,165 I 


V 




4.87 


0.096 


0.202 J 


Zx 


ZrO a 


5,89 


0.126 


0,149 


Ce 


Ce0 2 


7.132 


0.169 


0.1^9 


Mn 


Mn 3 0 4 


4. 856 


0.101 


o.i m 


CU 


CuO 


6.5 


0,150 


0.252 


Sr 


SrO 


4.7 


0.115 


0.141 


Y 


Y 2 O a 


5.01 


0.114 


0.1 S8 


In 




1.179 


0.028 


0.05.6 


Sn 


Sn0 2 


6.95 


0.158 


0.144 


Sb 


Sb 2 0 4 


5.32 


0.133 


0.119 


Th 


ThO a 


9.86 


0.250 


0.117 




La 2 0 3 


6.51 


0.160 


0,125 



Forming superconducting articles bv redox processes 

The phase contents of the precursor oxide mixture are modified during the heat t-eatment prior io deformation 
Phase modification includes conversion of a portion of tha oxide precursor from one form to another. Phase modification 
includes conversion from tetragonal BSCCO-2212 to orthorhombic BSCCO-2212, or from BSCCO-2212 to BSCCO- 
2223 plus secondary phases. Phase modification also includes modification of a particJlar phase without conversion 
into a distinct phase. For example, the oxygen content or dopant level ol the phase can be changed. Modifications 
also include changes in secondary phases. 

After the initial phase transformation prior to deformation, the article is subjected to one or more subsequent phase 
conversion heat treatments with intermediate deformations to achieve the final BSCCO-2223 superconducting article. 

In a preferred embodiment, the precursor powder contains oxides in the stoichiometric proportions necessary to 
obtain BSCCO-2223, Some of these oxides can be complex oxides such as BSCCO-2212. The precursor powder is 
converted to BSCCO-2223 by at least two phase conversion heat treatments with intermediate texturing deformations. 
The second metal can be oxidized during the first phase conversion heat treatment. Oxycjen release from the formation 
of BSCCO-2223 and secondary phases can ptay a role in the oxidation of the second metal, However, it is important 
that the metal oxide loading be kept relatively low (to less than about 0.5 volume percent of the particular constraining 
material in which the second metal Is dispersed or less than about 0.3 volume percent of the entira matrix) and that 
the oxidation reaction be completed before a dominant amount of the BSCCO-2223 has been formed in order lo max- 
irnize the beneficial effects of the redox reactions and minimize the risk of poisoning. Typically, the oxidation reaction 



7 



G7-'23<'99 FRI 09:01 FAX loOaayaao^y 



as 



EP 0 837 512 A1 



is completed by the end of the first phase conversion heat treatment. The phase conversion heat treatments preferably 
lake place at 7S0-S50°C in nitrogen atmospheres with 0.03-0.21 PO z for sufficient tines to obtain the desired reaction 
levels, typically 2-40 hours each for a sequence of 3 heat treatments with two intermediate deformations. Deformations 
of 3 to 40 percent in one or more drafts are typical. 

In a particular embodiment, the precursor metal powder preferably contains a dominant amount of T-2212 or a 
mixture that reacts to form T-221 2. The phase modifications which occur during heat treatment prior to texture inducmg 
deformation are described in U.S. Ser. No. 08/467,033 and U, S. Ser. No, 08/331 , 1 84, noted above. Preferred precursor 
oxide compositions include T-2212 and calcium pfumbate (Ca 2 Pb0 4 ). The final critical current density of a supercon- 
ducting BSCCO-2223 article i s improved when the article is subjected to heat treatment which promotes conversion 
of T-221 2 ro 0-2212 prior to DIT. The heat treatment is carried out under conditions where 0-2212 is stable Typically, 
0-221 2 is favored at tower temperatures and oxygen partial pressures than T-221 2. The heating step preferably includes, 
maintaining the temperature between 600 and 85Q°C and the PO g between 10" s and 0.21 atm. Ounng the conversion, 
the second metal component of the matrix can be oxidized as a result of the oxygen release from the T to O reactjon 
The process of including the second metal component in the matrix can decrease the amount of gas diffusion necassary 
to convert the T-2212 to 0-2212. In so doing, the uniformity of the resulting anicle is increased. In the absence of a 
reducing matrix material, oxygen diffusion out of the article was relied upon alone to drive the T to O conversion. As a 
result, the precursor oxide mixture near the outside of the article converted long before precursor oxide material farther 
away from the outside of the article. In order to convert material within the article without a reducing matrix, the precursor 
oxide near the surface was "over-reacted," leading to growth of undesirable secondary phases. After T to O conversion, 
the article precursor experiences a high reduction draft in the rolling step. Preferably the rolling draft is between 40 
and 95 percent. The SPfl introduces texture into the superconducting phase. 

In any embodiment, whether or not redox processes are employed the low concentration of ODS facilitates suc- 
cessful deformation, which is particularly useful in obtaining high performing BSCCO«2;223 composites. Due to the low 
cone ant ration of ODS in the matrix, the matrix should not be particularly brittle, In ODS silver composites, when the 
content of metal oxide dispersed in the matrix is less than 0.3 volume percent, mate rials strength, brittlenejs, and 
current density are well balanced. ^ 

Article precursor configurations 

30 There are a number of article precursor configurations that can be applied using the reducing matrix material 

approach to forming superconducting articles. Among the possible advantages of the structures is the potential for 
more uniform phase formation across the cross section of the anicle. The articles can also have increased strength 
and ductility over articles made by other methods. The number of filaments shown in the c escribed figures are examples 
only and are not intended to be limiting in scope of the invention. 

35 A number of filaments of superconducting oxide can be supported in various matrices to yield multifilament articles. 

For example, in FIG. 1 , a cross section of a multifilament superconducting article is shown in which a matrix 1 contains 
filaments 10 of a superconducting oxide or precursor oxide. The filaments can be located anywhere in the cross section 
since diffusion of oxygen out of the precursor article need not be a limiting step in the p ocessing. The matrix can be. 
for example, a silver alloy containing aluminum, magnesium, yttrium, titanium or their oxides, 

40 A cross section of a precursor article configuration which is particularly preferred is shown in FIG, 2. In this con- 

figuration, first constraining material 1 surrounds superconducting oxide filaments 10 and second constraining material 
20. fn certain preferred embodiment©, outermost constraining material 30 surrounds firs.t constraining material 10. tn 
this structure, the second constraining material preferably does not have a reducing metal component and can simply 
be a noble metal (for example, silver). The outermost constraining material is preferably silver or silver alloy although 
other metals can be used, The silver outermost constraining member provides fewer ruptures and better surface quality, 
while the oxids-depleted inner region 20 provides batter controlled, more uniform phase -conversions and lower risk of 
poisoning. 

The ODS matrix on the outside of the article results in strengthened (oxidized) matriy material near the supercon- 
ducting oxide surrounded by less oxidized matrix material outside. The matrix will be softor and more malleable on the 
so exterior, As a result, the article can have greater ductility and greater strength than typical HTS products which have 
tensile strengths of less than about 45 MPa. 

A third cross section of a precursor article is shown in FIG. 3. In this structure, the first constraining materia, 
surrounds superconducting oxide mafnenU 10, the second constraining material 20, and a reducing core 25. The 
reducing core can be composed of the same reducing material as the first constraining material or it can include different 
ss metals. In this configuration, the superconducting oxide filaments can encounter the sarmi relatively reducing environ- 
ment regardless of their location in the article. 

The fourth configuration is shown in cross section in FIG. 4. In this structure, first constraining material 1 surrounds 
superconducting oxide filaments 10, reducing filaments 15, and second constraining material 20 The reducing fila- 
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ments can be composed of the same material as the first constraining material, or it can include different second metais 
The superconducting oxide filaments in this configuration experience largely the sam<j environment in the article aue 
to the dispersion of roducing filaments in the matrix. 

The effect of the reducing materials on the redox mechanism during phase conversion is illustrated in FiGS. 5-7 
5 Referring To FIG. 5, prior art compositions in which precursor oxide filaments 1 0 are surrounded by a silver (Ag) matrix, 
for example, relied on oxygen diffusion out of the article into the atmosphere. Arrows depict the directions of oxygen 
(0 2 ) diffusion out of the material, Clearly, the central filament in this example will take longer to convert than the outer 
filaments since the oxygen must travel through more material to be consumed. 

In FIG. 6, oxygen diffusion in the precursor article having a reducing matrix described in FIG. 1 is shown In this 
io situation, the oxygen needs only to diffuse out of the pracursor oxide filament into the matrix to be consumed. Hence 
the conversion rate of the precursor oxide may be increased since the oxygen only needs to diffuse a short distance 
In addition, iheconversion of the filaments can occur at largely the same rate sines the outer filaments and the central 
filaments experience similar reducing environments. 

In FIG. 7, oxygen diffusion in the precursor article having a reducing sheath and a reducing cora described in FIG. 
is 3 is shown. In this configuration, the oxygen diffuses through the intermediate matrix region to the reducing core or to 
the reducing sheath to be consumed, Again, the precursor oxide filaments are mora homogeneously converted due 
to the proximity of the reducing elements. 

Articles prepared from the reducing matrix process have increased tensile strengths over traditionally processed 
articles Furthermore, by selecting the proper POg, a wire can be made where the harciest matrix material is near the 
20 filaments and the softest material is near the outside; or the other way around. The matrix properties can be modified 
in a controlled way to provide better uniformity for the oxide cores and denser oxide ceres. The microhardness of the 
inside of the matrix is higher than the external surface of the matrix (oxidized in 0.001 atm oxygan) since the dispersed 

oxide is formed there. . 
The specific examples set forth below are to be construed as merely illustrative, and nei limitative of the remainder 

29 of the disclosure in any way whatsoever £ 
Example 1 

A mixture of Bi, Pb, Sr. am, and Cu nitrate* with metal ratios of 1.7*0.34:1. 91:2X3:3.07 was calcined at 6S0°C 
m tor 0 2S-1 5 hours The calcined mixture was ground to reduce the particle size of the oxide powder. The powder was 
heated in air at 780-B30 e C for 6-1 0 hours and finally heat treated in pure oxygen at 780 330° C for 6- 1 0 hours, forming 
tetraqonal BSCCO-2212, Ca,Pb0 4 , and CuO phases. The powder was packed into pure silver billets having a 1.235 
inch (3.14 cm) outer diameter and 0.906 inch (3.3 cm) inner diameter. The loaded bllleia were drawn to hexagonal 
monofilament wires of 0.07 inch diameter (0.18 cm). The wires were cut into two sets of 95 equal filament pieces. 

Wire A was bundled into a silvar tube With a 0.84 inch (2.13 cm) outer diameter *nd 0.76 inch (1 .93 cm) inner 
diameter Wire B was bundled into an ODS precursor (0.09 weight percent aluminum in silver) tube of the same di- 
mensions The bunded 8S filament tubes were each drawn down to round wires of 0.1 36 inch (3.48 mm) diameter. 
When anneals were needed, the filaments were heated to between 200 and 400«C for 30 to 300 minutes in a nitrogen 
atmosphere. The wires were then given a rectangular shape by use of Turk's Head to a cross sect.on 0.072 .nches 
(1 83 mm) thick by 0.130 inches (3.30 mm) wide. Both wires were further deformed on a rolling miU Into 0.011 3 inch 
(0.287 mm) thick tapes. At this point an iterative sinter-deform process was applied to convert the BSCCO-zzi z into 
(Bi,Pb)SCCO-2223. The sinter-deforrn process consisted of the following steps: 

1 . Heat treating the wire in a 1 to 21 percent oxygen atmosphere at between 790 %nd 950*0 for between 1 and 

is 100 hours. 

2 Deforming the wire on a rolling mill to a diameter of 0.0086 Inches (0.218 mm). 

3. Heat treating the wire in a 1 to 21 percent oxygen atmosphere at between 790 and 350-C for between 1 and 
100 hours. 

4 Deforming the wire on a rolling mill to a diameter of 0.007S inches (0.191 mm). 
so 5 Heat treating the wire in a 1 to 21 percent oxygen atmosphere at between 790 and SSO'C lor between 10 and 

1 00 hours, and at between 6S0 and 790'C lor between 1 0 and 1 00 hours. 

After the first heat treatment, up to SO percent of the precursor oxide was converted io 3SCCO-2223. Ma^murn 
j e values (average Je of eight samples) and the corresponding heat treatment dwell times are lis ed ,r , Table 2 Jhe 
55 ODS bund ing tube in this process allows shorter heat treatment dwell times to be used white w ^J^ 
th0 tola, preliminary heat treat time to reach the peak critical current density decrease while the maximum cmica 
current density achievable increases. In the most direct comparison, under the same reacfon ^™ 
,imes and involving two wires made from the exact same powder lot, the Je attained increased Irom 5.390 A/cm lor 
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the silver sheath to 8,290 A/cm 2 for the ODS sheath. 

Table 2 



Wire 


Bundling Tube 


1st Heat Treatment 


2nd Heat Treatment 


Je (A/cm*) 


A 


Ag 


8 hours 


16 hours 


6,530 


A 


Ag 


4 hours 


10 hours 


5.890 


B 


ODS 


4 hours 


10 hours 


8,290 



Example 2 

A separate iterative sinter-deform process was applied to samples from Wire B of Example i to investigate the 
effect of oxidizing the ODS prior to the first high temperature heat treatment. The process consisted of the following 
steps: 

1 , Pre-oxidation heat treatment in a 1 .0 atm oxygen atmosphere at 450°C for 5 hours. 

2, Heat treating the wire in a 1 to 21 percent oxygen atmosphere at between 79C and 850° C for between 1 and 
100 hours, 

3, Deforming the wire on a rolling mill to a diameter of 0,0086 inches (0,2~t8 mm). 

4, Heat treating the wire in a 1 to 21 percent oxygen atmosphere at between 79c and BSO'C for between 1 and 
100 hours, 

5, Deforming the wire on a roiling mill to a diameter of 0,0075 inches (0.1 91 mm), 

6, Heat treating the wire in a 1 to 21 percent oxygen atmosphere at between 790 and 850°C for between 10 and 
100 hours, and at between 6S0 and 790" C for between 10 and 100 hours. ^ 

The data shown in Table 3 indicate that the Je of the wires are substantially independent of the conditions used 
to oxidtzo the metal to form the metal oxide in the ODS. 

Table 3 



Wire 


Bundling Tube 


1 st Heat Treatment 


2nd Heat Treatment 


Je (A/cm 2 ) 


B 


ODS 


Pre-oxidation followed by 3 hours 


8 hours 


7,790 


B 


ODS 


4 hours 


8 hours 


7,840 



Example 3 

The oxide powder was prepared by an Iterative eaicine and grind process as described in Example 1 . The resulting 
powders were of the nominal sxoichiomeiry of 0.34 Pb:1,74 Si; 1.91 Sr:2,03 Ca:3,07 Cu, forming tetragonal BSCCO- 
221 2, Ca 2 PbO«, and CuO phases. The powder was packed into pure silver billets having a 1 .235 inch (3. 14 cm) outer 
diameter and 0.906 inch (2.3 cm) Inner diameter, The loaded billets were drawn to hexagonal monofilament wires of 
0.07 inch diameter (0.18 cm). The wires were cut into filament pieces. 

The multifilament tapes were made by the following procedure. First, the filaments wure bundled into a 0.09 weight 
percent aluminum in silver tube having an outer diameter of 0.840 inches and an inner ciameter of 0.760 inches. The 
bundles were then drawn to a final diameter of 0.0354 inches. When anneals were naoded, the filaments ware heated 
to between 200 and 400"C for 30 to 300 minutes in a nitrogen atmosphere, 

The first phase convereion heat treatment of the drawn wires was carried out in a box furnace and an atmosphere 
of between 0.01 and 3 percent oxygen in argon. The heat treatment profile was; (1) an optional hold at 100 to 35Q°C 
for 1 to 5 hours to purge the furnace; (2) ramp to 750 to S0O°C and hold for 1 to 10 hours to oxidize the aluminum 
during the T to O phase conversion; and (3) cool to room temperature. 

The wires wore then rolled to a dimension of 0.0075 inches. 

If two or more second phase conversion heal treatments were done, the process was as follows: (1 ) the wires 
were heated in a second conversion heat treatment to between 790 and 850*C for between 1 and 100 hours in a 7.5 
percent oxygen atmosphere; (2) the wires were then rolled to a thickness of 0.0066 inches; and (3) the resulting rolled 
wires were heated in a third conversion heat treatment in a 7.5% oxygen atmosphere at between 790 and 850°C for 
between 10 and TOO hours. 

If one second phase conversion heat treatment was done after the rolling step, the! conversion heat treatment 
entailed heating the wire to between 790 andSSO'C for between 10 and 100 hours and then 650 and790'C for between 
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10 and 100 hours in a 7.5 percent oxygen atmosphere, 

The resulting tapes had fiif factors of 33 percent, Pure silver tapes were made ty replacing the 0.09 wt% Al-Ag 
tube with 99,9% silver tube. 

A tape with a pure silver sheath (Wire C), a IDS tape with an ODS silver sheath (Wire D) were given on© more 
conversion heat treatment, and a tape with an ODS silver sheath (Wirg E) was given -wo more conversion heat treat- 
ments. The Jo of the tapes were measured, 

A maximum in Je is obtained near 2.1 hours of T to O conversion. The ODS sheathed wire consistently has a 
higher Je. Under the process conditions used in this example, Wire E, prepared by a 5DS process, had a J c of 34,500 
A/cm 2 for a 16 meter length. 

Example 4 

A similar process was used to prepare tapes with a higher fill factor, This was accomplished by using a thinner 
wail silver billet with a copper outer sheath, The silver biitet had an outer diameter of 1 .045 inches and an inner diameter 
of 0.846 inches. Copper tube had an outer diameter of 1.235 inches and an inner diameter of 1.060 inches. After 
drawing, the copper was removed. The multifilament bundles were prepared as described in Example 2, with the 
exception that wire F had a pure silver sheath applied to the outside of the 0.09 wt% siiummum-silvsr sheath. Wire H 
was made using a fine silver sheath only; no aluminum-silver was used, Wire F and wire G were processed according 
to Example 3 with a total of three conversion heat treatments. 

The results of wire drawing and J c values tor wire F and G are shown in Table 4. 

Table 4 



Wire 


Drawing Result* 


J c (A/cm 2 ' 


F 


Drew to 0.0369 inches 


30,000 


G 


Drew to 0.0369 inches 


27,000 


H 


Win* did not draw to 0.0369 inches 
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30 Example 5 

A composite wire may be made using procedures described in Example 1 , except that the rebundfing tube com- 
prised a Ag-Mg alloy with 0.061 wt% Mg dissolved into the Ag matrix. A final Je performance ot up to 8000 A/cm z (77K, 
self field) may be obtained, 

Example 8 

A composite wire was* made using procedures described in Example 4, except that a treatment to oxidize the Ag- 
A1 alloy was used immediately prior to the first phase conversion treatment. The conditions of this treatment were 
450*C in 100 percent O z for 5 hours. The final Jc performance of the Wire was 35,400 A/cm 3 (77K, self field). 

Example 7 

A composite wire may be made using procedures described in Example 3, except that 7 filaments of a Ag-AI alloy 
(0.09 wt% Al) were substituted for the central 7 filaments of superconductor A final Je performance of up to 7000 A/ 
cm 2 (77K, self field) may be obtained. 

Other embodiments are within the claims. 
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SQ Claims 

1, A method of manufacturing a composite superconducting oxide article, comprising the steps of: 

providing a precursor article including a precursor oxide mixture substantially surrounded by a matrix com- 
prising a first constraining material, said first conatraining material including a noble metal and a second metal; 
heating said precursor article in a first heat treatment to substantially convert >atd second metal to a metal 
oxide dispersed in said noble metal: 

deforming said article to generate texture after forming the metal oxide: and 
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heating said article in a second heat treatment to substantially convert the precursor oxide to a desired super- 
conducting oxide phase to obtain the superconducting oxide article. 

2. The method of claim 1 , wherein said metal oxidB particles occupy less Than 0,5 percent of the volume of said first 
constraining material. 

3. The method of claim 1, wherein a second constraining material including a nobfe metaf is includsd between said 
precursor oxide material and said first constraining material. 

4. The method of claim 1 , wherein said second heat treatment includes two or more e hase conversion heat treatment 
steps. 

S> The method of claim 4, wherein between each of said phase conversion heat treatment steps, said article is de- 
formed to generate texture. 

5. The method of claim 1 , wherein said first heat treatment includes a first phase conversion heat treatment to obtain 
incomplete phase conversion of the precursor oxide mixture, 

7. The method of claim 6 wherein the step of converting said second metal to a metal oxide occurs prior to said first 
phase conversion heat treatment. 

8. The method of claim 6, wherein said step of converting said second metal to a matal oxide and said first phase 
conversion heat treatment step are concurrent. 

9. The method of claim 5, wherein the step of convening said second metal to a metsi oxide is a stepped or ramped 
initial portion of said first phase conversion heat treatment. T 



10, The method of claim 1 t wherein said noble metal Includes silver, gold, platinum, or palladium, or an alloy thereof 
and said second metal is aluminum, magnesium, lithium, sodium, potassium, calcium, beryllium, strontium, barium, 
yttrium, scandium, lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolin- 
ium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, luteiium, titanium, zirconium, hafnium, vanadium, 
niobium, tantalum, silicon, germanium, tin, lead, gallium, indium, thallium, manganese, antimony, or zinc. 

11, The method of claim 10, wherein said noble metal Is silver and said second metal is aluminum, magnesium, yttrium , 
zirconium, titanium, hafnium, lithium, manganese, antimony, or zinc. 

12, The method of claim 10, wherein said desired superconducting oxide is BSCCO-25'23 or (Bi.Pb)SCCO-2223. 

1 3, The method of claim 1 wherein said metal oxide panicles occupy lass than 0,3 percent of the volume of said matrix 

1 4, The method of claim 1 wherein said precursor oxide mixture contains a dominant arrount of a first precursor oxide 
phase and said first heat treatment includes the step of heating said precursor article in a first phase conversion 
heat treatment to convert Up to 85 percent of the first precursor oxide phase to a desired superconducting oxide 

15, The method of claim t4 t further comprising the step of heating the precursor article in an oxidizing heat treatment 
step to form lees than 0.5 volume percent of meiai oxide particles oi said second metai dispersed in said first 
constraining material concurrently with the first phase conversion heat treatment, 

16, The method of claim 1 4, further comprising the stop of heating the precursor article in an oxidizing heat treatment 
step to form less than 0.5 volume percent of metal oxide panicles of said second metal dispersed in said first 
constraining material prior to the first phase conversion heat treatment. 

17= Tho method of claim 14. wherein said desired superconducting oxide is BSC CO- 22^1 3 or (Bi.Pb)SCCO-2?223 

13. The method of claim 14, wherein said first £hase conversion heat treatment converts up to so percent of the first 
precursor oxide phase to said desired superconducting oxide. 




19. The method of claim 14, wherein said first phase conversion heat treatment converts; up to 40 percent of the first 
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precursor oxide phase to said desired superconducting oxide. 

20. The method of claim 1 wherein 

s said precursor oxide mixture contains a dominant amount of a tetragonal 8SCCO phase; 

and said first heat treatment includes the step ot heating said precursor article at a processing temperature 
and oxygen partial pressure cooperatively selected to form a dominant arno jnt of an orthorhombie SSCCO 
phase by reducing said precursor oxide mixture with said reducing metal, thereby oxidizing said second metal 
to form metal oxide particles dispersed in said first constraining material. 

TO 

21 . The method of claim 20. wherein the deforming step comprises roll working said precursor article in a high reduction 
draft of between about 40 and 95 percent. 

22. The method of claim 20, wherein said tetragonal SSCCO phase is tetragonal B£iCCO-2212. said orthcrhonr.bic 
75 BSCCO phase is orthorhombie BSCC02212 and said superconducting oxide is HSCCO-2223. 

23. The method of claim 20, wherein said tetragonal BSCCO phase Is tetragonal (Bi,Pb)SCCO-22l2, said orthorhom- 
bie BSCCO phase is orthorhombie (Bi,Pb)SCCO-22l2 and said superconducting oxide is (Bi,Pb)SCCO-2223 

2o 2d. The method of claim 20. wherein said metal oxide particles occupy less than 0. s percent of the volume of said first 
constraining material. 

25, A method of manufacturing a composite superconducting oxide article, comprising the steps of: 

as providing a precursor article including a precursor oxide mixture substantially surrounded by a matrix including 

a first constraining material which includes a noble metal and a second metal; V 
heating the precursor article in an oxidizing heat treatment step to form less than 0.3 volume percent of metal 
oxide particles of said second metal dispersed in said matrix; and 
sintering the heated article to obtain the superconducting oxide article. 

30 

26. The method of claim 25, wherein eaid matrix further includes a second constraining materia! including a noble 
metal between said precureor oxide material and said first constraining material. 

27 The method of claim 26, wherein said noble metal is silver, gold, platinum, or palladium, or an alloy thereof, and 
35 ' said second metal is aluminum, magnesium, lithium, sodium, potassium, calcium beryllium, strontium, barium, 
yttrium, scandium, lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolin- 
ium, terbium, dysprosium, hoimium, erbium, thulium, ytterbium, lutetium, titanium, zirconium, hafnium, vanadium, 
niobium, tantalum, silicon, germanium, tin, lead, gallium, indium, thallium, manganese, antimony, manganese, 
antimony, or zinc. 

40 

28. The method of claim 25, wherein said noble metal Is silver and said second metal is a'uminum. magnesium, yttrium , 
titanium, zirconium, hafnium, lithium, manganese, antimony, manganese, antimony, or zinc. 

29. The method of claim 25. wherein the metal oxide particles occupy less than 0.5 percent of the volume of said first 
45 constraining material. 

30. The method of claim 25, wherein said superconducting oxide is 8SCCO-2223 or (Ei,Pb)SCCO-2223. 

31 . The method of claim 25 further including one or more deformation steps subsequent 'o the oxidizing heat treatment 
bo step. 

32. A composite superconducting article comprising: 

a plurality of filaments extending along the length of said article, said filaments comprising an oxide suporcon* 

55 ductor; . . . 

a first constraining material substantially surrounding the plurality of filaments, the first constraining material 
including a noble metal and less than 0.5 volume percent of a metal oxide; and 

a second constraining material substantially surrounding each of said filamerls. said second constraining 
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material being substantially surrounded by said first constraining material. 

33, The composite article of claim 32 wherein said filaments have substantially the same critical current density re- 
gardless of the location of each filament In said article. 

34. The composite superconducting article of claim 32, wherein said noble metal and said second constraining material 
includes silver, gold, platinum, or palladium, or an alloy thereof and wherein said metal oxide includes a metal 
including aluminum, magnesium, lithium, sodium, potassium, calcium, beryllium, strontium, barium, yttrium i scan- 
dium, lanthanum, cerium, praseodymium, neodymtum, prornethium, samarium, europium, gadolinium, terbium. 

to dysprosium, holmium, erbium, thulium, ytterbium, lutetium, titanium, zirconium, hafnium, vanadium, niobium, tan- 

talum, silicon, germanium, tin, lead, gallium, indium, thallium, manganese, antimony manganese, antimony, or 
zinc 

35. The composite superconducting article of claim 32, wherein said metal oxide induces a metal including aluminum, 
is magnesium, yttrium, zirconium, titanium, hafnium, lithium, manganese, antimony, manganese, antimony, or zinc. 

36, The composite superconducting article of claim 32, wherein said first and secona constraining materials include 
silver. 

20 37, The composite superconducting article of claim 32, wherein an outermost constraining material substantially sur- 
rounds said first constraining material. 

38. The composite superconducting article of claim 32, wherein said outermost constraining material is silver. 

39. The composite superconducting article of claim 32, wherein said oxide superconductor is BSCCO-2223 orpi.Pb) 
SCCO-2223. * 

40. The composite superconducting article of claim 32, wherein said article has a tensile strength greater than 50 MPa. 

41 A composite superconducting article comprising an oxide superconductor substantially surrounded by a first con- 
' straining material wherein said first constraining material includes a noble metal and less than 0.5 volume percent 
of a metal oxide. 

42. The composite superconducting article of claim 41 , wherein said metal oxide is dispersed in said noble metal. 

43. The composite superconducting article of claim 41 , wherein said oxide superconductor Is BSCCO-2223 or (Bi.Pb) 
SCCO-2223. 

44. The composite superconducting article of claim 41 , wherein said article has a tensile strength greater than 50 MPa. 

4S A composite superconducting article comprising an oxide superconductor substantially surrounded by a matrix 
' including a first constraining material which includes a noble metal and a metal oxide . wherein said matrix conta.ns 
less than 0.3 volume percent of a metal oxide, 

45 46. T»e composite superconducting article of claim 45. wherein said metal oxide is dispersed in said noble metal. 

47. The composite superconducting article of claim 45, wherein said oxide superconductor is BSCCO-2223 or (8ipb) 
SCCO-2223. 

so 48. The composite superconducting article of claim 45, wherein said article has a Ensile strength greater than 50 MPa. 
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